Conventional two-dimensional seismic reflection investigations have been generally relied upon to provide images of large to medium scale stmctural features in accretionary prisms. We undertook a three-dimensional seismic reflection survey of a small part of a prism arcward of the Middle America Trench off Costa Rica to more correctly image structure and to use the improved structural information to examine the processes of accretion. This survey reveals small features, with dimensions of hundreds of meters, while also defining features thousands of meters in lateral extent, both of which were underappreciated in conventional twodimensional data from the same area. We have imaged active offscraping at the trench and both duplexing and out-of-sequence faulting a few kilometers arcward of the trench. Fault spacing and reflector geometry vary dramatically over a space of several hundred meters. Some of these variations are related to visible changes in morphology of the underlying oceanic basement, but others are not so easily documented. 
In this paper we briefly review the Costa Rica continental margin geology, including results from regional two-dimensional (2-D) seismic reflection data. Following the review, the results of the 3-D survey are described with sections devoted to the external prism structure, surface reflection amplitudes, and internal prism structure. In the discussion we present two Normal faulting is evident seaward of the trench axis (at -2, -4, -6, -9 km in Figure 2 ). Because the trench axis deepens to the northwest and the absence of significant westward drainage systems in Nicoya Peninsula, the trench axis is nearly devoid of turbidites. Reflection profiles show that all of the oceanic pelagic sediments are subducted beneath the lower slope, while some of the hemipelagic section is scraped off above a welldefined decollement (between 0 and 5 kin). Most of the hemipelagic section continues to dewater as it is subducted beneath the slope several kilometers to about where the 3-D survey starts . The shallow zone of offscraping appears to be responsible, in part, for the nearly reflection-free sediment wedge at the base of the slope (0 km to 4 km in Figure 2 [1985] demonstrated from the structural fabric of the cores that the slope is unstable and subject to significant creep and slope failure, particularly in the uppermost 40-50 m.
Thus the 2-D data define the downgoing slab, a thick wedge with few coherent internal reflections, a rough contact between an unusually thick seaward prograding sedimentary slope section and the underlying wedge, and small amounts of frontal accretion. One of the most unusual features revealed in the new 2-D data set is a well-defined series of reflections in the arcward third of the sections which def'me a ~1000 m-zone above the downgoing slab. We have no definitive explanation for these reflections, but the possibilities range from basement duplex to a subduction channel [i.e., Cloos and Shreve, 1988] .
RESULTS OF THE 3-D SEISMIC STUDY
We chose the 3-D coverage to include the zone of initial underplating and extended it 22.6 km arcward. We located the grid so that we would image a pair of bathymetric reentrants between 3200 m and 3000 m which might indicate structure at depth. We also positioned the grid to take advantage of DSDP site 565 which sampled part of the slope sediment apron. Some conventions in line numbering will be useful for later reference to the figures. First, the basic 3-D portion of the survey These mappable throughgoing intraprism surfaces extend over at least a 128 km square area (e.g., Plates 4 and 5). It is likely that these represent major fault surfaces mostly now inactive, although they may have some continued small motion as indicated by disruptions in the rough surface and faulting in the overlying slope apron. However, some appear to be fairly young and involved in active faulting at the toe of the prism. 
Slope Apron Structure
The slope apron is a remarkably thick sequence of terrigenous muds, the upper 328 m of which were sampled at DSDP site 565. Plate 2 and Figure 6 show the slope apron and the relatively low amplitude and discontinuous nature of the reflections. Although revealing considerable slope deformation, the reflections tend to be oriented subparallel to the seafloor, with at least two prominent unconformities in the arcward half of the grid. The slope apron pinches out downslope as expected for a sedimentary cover younging toward the trench but more abruptly than expected for a continuous process of frontal accretion (Figure 2 ). Correlation to site 565 is difficult because of the discontinuous nature of the reflections. One implication of the correlation shown in Figure 2 is that much of the slope apron (one third to two thirds) is early Pliocene (the age at total depth of site 565) or younger. It is also apparent that, using the mean sedimentation rate of 60 m/m.y. calculated for site 565, the extrapolated age at the top of the rough surface could be as old as 10 m.y. We observe slope parallelism and downslope pinch-out of apron reflectors, but there are exceptions. In the trenchward half of the survey, the slope apron is generally slope parallel and does not strongly prograde over the rough surface. Also, arcward dipping apron reflections that intersect the rough surface are found in a several areas (e.g., line 165, All these observations are made in a slope apron of very low reflectivity which also contains perhaps three other structural overprints. One common overprinting consists of arcward dipping structures associated with faults that pass from the prism into the overlying apron, either thickening the apron and/or offsetting the seafloor (e.g., line 120, Plate 2c and Figure 6 ). Some of these appear to be related to the larger intraprism reflections, others to smaller-scale adjustments of the rough surface. Another overprint are numerous high-angle, arcward dipping reverse faults which further disrupt the slope apron stratigraphy. Where these faults offset the seafloor, they create near-vertical surfaces which, as expected, do not produce reflec- dewatered than the upper section, at the time of accretion. We also question whether this process has been maintained through time to produce the rough surface that extends nearly to the shelf edge. Given possible changes in sediment supply and associated accretionary processes, model 1 is more likely to produce a consistent prism structure. A problem with proving the validity of either model is that the rough surface generally dies out at about 6 km (.y) (Plate 3), so that the link with offscraping or underplating is not obvious.
Structural Diversity
Clearly, we are impressed by the diversity of structures along our 8.5 km wide study area and our ability to image them with the 3-D seismic method. However, consideration of prism response to basement structure suggests that the diversity may be strongly tied to irregular basement morphology. For example, if the incoming section were uniform in thickness and composition and the underlying oceanic basement were a smooth, structureless surface, then we could reasonably expect consistent prism structure and taper along the accreting margin. Allowing basement structure (i.e., normal faults) parallel to the margin, we can expect changes in prism taper and internal structure, but these should remain nearly uniform along strike. However, if basement structures are not parallel to the accreting margin and the relief is of sufficient magnitude, then significant structural variation along strike is required; prism taper and internal structure are strongly affected by large fault offsets but are unaffected in areas of smooth basement. Cocos plate normal faults have variable offset with up to 300 m of basement relief along trends that range from nearly parallel to highly oblique to the trench. Consequently, the prism structures most likely reflect adjustments to prism taper, especially by underplating and out-of-sequence thrusts, in response to irregular basement structure. In many cases this relationship can be directly observed with deformation in progress (Plate 3 and 
Regional Applicability of 3-D Data and Interpretation
The structural interpretation of the 3-D data and the volume balance indicate the general processes and rate at which the lower slope portion of the accretionary prism may have been constructed. Because this accounts for only the last 6 to 10 m.y., it is important to consider what implications these data have for the growth and structure of the rest of the prism. As shown in Figure 2 and mentioned above, the rough surface extends from near the toe of the prism to the shelf edge. Its occurrence near the toe appears to be related to the accretionary process, either offscraping or underplating, so its landward extent argues for similar accretion processes for much of the prism's growth history. Although the system of relatively continuous, high-amplitude intraprism reflections identified in the 3-D grid are largely absent in the landward portion of the prism (Figure 2) , this effect may be explained by several causes that do not require different growth process. In particular, these reflections appear to be truncated and disrupted by steeper outof-sequence thrusts starting near the landward edge of the 3-D grid. In addition, the 2-D data generally only resolved reflection fragments, only in the 3-D data did it become apparent that they represented laterally extensive surfaces. Consequently, we find little evidence to indicate that the rest of the prism formed in a fundamentally different manner that that presently observed.
CONCLUSIONS
Sediments are actively accreted to the prism at the trench by offscraping the upper portion of the henripelagic section. Just a few kilometers arcward of the trench, prism growth and thickening are accomplished by a combination of both duplex and out-of•sequence thrusting. The observed rates of accretion are consistent with steady state growth of the lower slope portion of the prism for the last 5 to 10 m.y. as constrained by DSDP site 565. Duplex and out-of-sequence thrusting are occurring at only a few kilometers beneath the seafloor, very early in the deformation history. Thus adjustments to maintain critical taper begin very early in the accretion processes, must be fairly continuous, and may help explain the complexity of structure in the very young accreted section and overlying slope apron. Clear relationships frequently exist between basement with respect to fault spacing, length and shape. In other cases the overlying structure has no apparent relationship to basement morphology. However the high convergence rate and frequent basement structures suggests a similar, if not directly identifiable, cause for the overlying structures.
At the largest scale, intraprism fault zone reflections have greater extent than any known, unfaulted, stratigraphic horizons. These structural features were not previously recognized to be spatially significant surfaces on individual lines in this area. We believe that these are evidence for a fairly well-defined structural architecture that potentially controls prism-wide fluid flow pathways and influences continuing prism deformation. The amplitude of the fault reflections are fairly high and become highest where they intersect the top of the prism, suggesting that they have at times influenced fluid motion and mineralization. Where these surfaces splay upwards near the base of slope the reflections become particularly bright and reversed in polarity. In addition, bright spots in local closures at the top of the prism indicate that upward fluid movement is impeded given the right structural trap. The fault surfaces mainly result from the nature of the thickening at or near the bottom of the prism, accompanied with later continued (episodic?) motion on out-of-sequence faults, which help maintain the fault reflection continuity over time.
The boundary between the mainly slope sediments and underlying prism is the most prominent feature in the seismic data, for both its consistently high amplitude and broken and discontinuous nature. The amplitudes are largely the result of the low-velocity slope sediments (about 1700 m/s) overlying higher-velocity accreted and more deformed sediments (1800-2400 m/s) but enhanced in places by fluid accumulations at the boundary. Numerous faults break the surface into small segments, most much less than 1 km 2 in map view. The faulting which disrupted this surface extends into the overlying slope sediment apron which records these multiple deformation phases and complexly juxtaposes the primarily accreted rocks and slope apron rocks. In addition, the numerous faults with scarps delineated on the amplitude map of the seafloor further disrupt the slope structures. These high-angle, small offset faults are important because they define recent active shortening of a broad region of the underlying prism. This implies a fairly weak theology but broad coupling of the stress into the overriding plate. of our analysis. Milo Backus provided substantial help in all phases of this work, especially in parts of the interpretation of amplitude and velocity data.
